larval growth was recently reported. Lethal doses and the effect of LD50 doses on growth inhibition and antifeedant were estimated in order to determine the potency of the selected extracts based on the mortality results [3] .
In the Eastern part of Turkey, S. libanotis is a common plant used both as a cheese preservative and to provide aroma. Besides S. libanotis, 25 different species can be used to make herb-flavoured cheese. These herbs, e.g. Allium spp., Thymus spp., Falcaria spp. etc., can be added singly or as a mixture to cheese [4] . Leaves of S. libanotis (kelemkesir or kelemenkesir in Turkish) are consumed as a vegetable in eastern Turkey [5] . The methanol extract of this plant had a broad-spectrum antibacterial activity against Bacillus cereus, B. dipsauri, B. lentimorbus, B. sphaericus, B. subtilis, Corynebacterium ammoniagenes, Kocuria rosea, Neisseria subflava and Micrococcus lylae, which is of interest in relation to the prevention of microbial contamination in foods [6] .
Recently, the results of essential oil analyses and antimicrobial effects of different Seseli species were published. The essential oil from the aerial parts of S. annuum, wild-growing in Serbia, was characterized as containing germacrene-D, sabinene, Z-β-ocimene and limonene. This oil showed antifungal activity against fifteen fungi with MICs between 12.5 to 50 μl/ml [7] . Also, essential oil from aerial parts of S. globiferum Vis. which contains sabinene, α-pinene and β-phellandrene showed activity against Pseudomonas aeruginosa, Micrococcus flavus, Lysteria monocytigenes and Escherichia coli, and all investigated micromycetes [8] . The essential oil isolated from S. montanum ssp. tommasinii (Reichenb. fil.) Arcangeli was also analyzed and found to possess moderate to strong antimicrobial activity, which can be explained by presence of the β-pinene, germacrene-D, sabinene, α-pinene and limonene [9] . The essential oil of S. rigidum which contains α-pinene, camphene, β-pinene, and limonene was also found to have antimicrobial and potential antioxidant activity [10] .
Several methods are available to evaluate antioxidant activities of natural compounds in foods or biological systems. Two methods commonly used in antioxidant activity assays are the 2,2-dyphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) tests. ABTS is soluble in both aqueous and organic solvents, and it reacts relatively rapidly compared to DPPH, which normally takes several hours for the reaction to be completed. Color interference of the DPPH assay with samples that contain anthocyanins leads to underestimation of antioxidant activity. However, this problem does not occur with the ABTS assay, especially when the absorbance is measured at 734 nm [11] .
In this study, the antioxidant and antimicrobial activity of Seseli pallasii, S. libanostis ssp. libanotis, and S. libanotis subsp. intermedium methanol extracts is reported. As far as we know this is the first report of the antioxidant activity of these taxa.
Experimental Procedures

Chemicals
Organic solvents were purchased from "Zorka pharma" Sabac, Serbia. 
Preparation of plant extracts
Plant material was air dried in the dark and ground to a powder. The aerial plant parts (10 g) were powdered and extracted with 100 ml methanol. The mixture was exposed to ultrasound for 30 min and after 24 h standing in the dark was filtered. The methanol solvent was removed by evaporation under reduced pressure, at a maximum temperature of 40ºC. After evaporation of the solvent, the crude extract was subjected to subsequent analysis.
Determination of total phenolic content
The total phenolic content of extracts was determined spectrophotometrically by the Folin-Ciocalteu method according to the procedure reported by Singleton et al. with some modifications [12] . Briefly, 300 µl of methanol extracts solution and 1500 µl of 1:10 Folin-Ciocalteau reagent were mixed and after 6 minutes in the dark 1200 µl of sodium carbonate (7.5%) was added. After 2 h of incubation in the dark at room temperature, the absorbance at 740 nm was measured (Shimadzu, UV-Visible PC 1650 spectrophotometer). The total phenolic concentration was calculated from a gallic acid (GA) calibration curve (10-100 mg/L). Data were expressed as gallic acid equivalents (GA)/g of extract averaged from 3 measurements.
Determination of flavonoid content
The total flavonoid content was evaluated using aluminium nitrate nonahydrate according to the procedure reported by Woisky and Salatino with some modifications [13] . The sample for determination was prepared by mixing a 600 µl of methanol extracts solution and 2580 µl of mixture (80% C 2 H 5 OH, 10% Al(NO 3 ) 3 x 9 H 2 O and 1M C 2 H 3 KO 2 ). After 40 min of incubation at room temperature, the absorbance at 415 nm was measured using a Shimadzu, UV-Visible PC 1650 spectrophotometer. The total flavonoid concentration in methanol extracts was calculated from a quercetin hydrate (Qu) calibration curve (10-100 mg/L) and expressed as quercetin equivalents (Qu)/g of dry extract. Measurements were done in triplicates.
Evaluation of DPPH scavenging activity
The antioxidant activity of the extracts was evaluated by means of the 2,2-diphenyl-1-picrylhydrazil (DPPH) radical scavenging method. This spectrophotometer assay uses stable radical DPPH as a reagent [14] . A methanolic solution of investigated extracts (300 μl; the extracts' concentrations between 63.3 and 6000 μg/ml) was added to 2700 μl methanolic solution of DPPH radical (concentration of 0.04 mg/ml) and after shaking, the reaction mixture was left to react in the dark for 30 minutes at room temperature.
Absorbance of the remaining DPPH radical was then measured at 517 nm (A1) on a Shimadzu, UV-Visible PC 1650 spectrophotometer. Each sample and the Vitamin C and BHA standards were measured in triplicate against a methanol blank (A0). The decrease of absorption of the DPPH solution was calculated using the following equation:
Percentage of absorption decrease (517 nm) = (A0-A1)x100/A0 Sample concentrations for each compound and standard antioxidant, which decrease absorption of DPPH solution to 50% (IC 50 ), were obtained from the absorption of curves DPPH solution at 517 nm. Calculations were performed with Origin 7.0 software.
Evaluation of ABTS radical scavenging activity
The ABTS radical-scavenging activity, was determined following the method of Miller and Rice-Evans with some modifications [15] . The ABTS ·+ solution was prepared by mixing 19.2 mg of ABTS with 5 ml of potassium persulfate (2.46 mM). The solution was held at room temperature in the dark for 12-16 h before use. The ABTS ·+ solution (1 ml) was diluted with 100-110 ml water, in order to obtain an absorbance 0.7±0.02 at 734 nm. A fresh ABTS ·+ solution was prepared for each analysis. Antioxidant or standard solutions, 75 μl, were mixed with 3 ml of diluted ABTS ·+ solution and incubated at 30ºC for 30'. The absorbance at 734 nm was measured (Shimadzu, UV-Visible PC 1650 spectrophotometer). Water was used as a blank. ABTS radical scavenging activity in methanol extracts was calculated from the Vitamin C (VitC) calibration curve (0-2 mg/L) and expressed as Vitamin C (VitC)/g of dry extract. All experimental measurements were carried out in triplicate and were expressed as average of three analyses ± standard deviation.
Antimicrobial activity
Microbial cultures
The antimicrobial activity of all tested samples was evaluated using laboratory control strains obtained 
Micro-well Dilution Assay
The inocula of the microbial strains were prepared from the overnight broth cultures and suspensions were adjusted to 0.5 McFarland standard turbidity (corresponding to 10 7 -10 8 CFU/ml, depending on genera -consensus standard by the NCCLS) [16] . Serial dilutions of the tested samples (methanol exstracts from three Seseli taxa -100 mg/ml in 30% ethanol) were prepared in a 96-well microtiter plate over the range of 50.0-0.1 mg/ml in inoculated Mueller-Hinton broth. The final volume was 100 μl and the final microbial concentration was
10
6 CFU/ml in each well. The plate was incubated for 24 h at 37ºC. All experiments were performed in triplicate. Two controls were included -medium with 30% ethanol (negative control) and medium with Streptomycin, Chloramphenicol and Nystatin (positive control). Microbial growth was determined by adding 20 μl of 0.5% triphenyl tetrazolium chloride (TTC) aqueous solution [17] . Minimal inhibitory concentration (MIC) was defined as the lowest concentration of the samples inhibiting visible growth (red colored pellet on the bottom of the wells after the addition of TTC). To determine MBC/MFC, the broth was taken from each well without visible growth and inoculated in Mueller-Hinton agar (MHA) for 24 h at 37ºC. Minimal bactericidal/fungicidal concentration (MBC/MFC) was defined as the lowest samples concentration killing 99.9% of bacterial/fungal cells.
Results and Discussion
Total phenolic content
Total phenolic and flavonoid content, and antioxidant activity (DPPH and ABTS assay) in vitro was determined for methanol extracts of the aerial parts of S. pallasii and S. libanotis ssp. libanotis, as well as for the aerial parts and fruits of S. libanotis ssp. intermedium, separately.
The results of the total phenolic content determination of the examined plant extracts are presented in Table 1 . The total phenols in the methanol extracts, expressed as gallic acid equivalents (GA) per gram of dry extract, ranged from 84.04 to 87.53 mg GA/g. The highest phenolic content was found in aerial parts of S. libanotis ssp. intermedium (with 2 mg/ml extract concentration) and the lowest in fruits of S. libanotis ssp. intermedium (with 2 mg/ml extract concentration). The methanol extract of S. libanotis ssp. libanotis (with 1 mg/ml extract concentration) had a relatively high phenolic content (85.03 mg Qu/g).
Flavonoid concentrations
The quantities of flavonoids identified in the tested extracts are summarised in Table 1 
DPPH scavenging activity
DPPH is a very stable free radical. The effect of an antioxidant on DPPH radical scavenging is due to their hydrogen donating ability or their radical scavenging activity. When a solution of DPPH is mixed with that of a substance that can donate a hydrogen atom, it gives rise to the reduced form diphenylpicrylhydrazine with the loss of its violet color [19] .
Free radical scavenging capacities of the tested extracts was measured by DPPH assay and results are shown in 
ABTS scavenging activity
The results from the ABTS assay are shown in Table 1 . The amount ranged from 1.94 to 2.20 mg VitC/g of Seseli taxa extracts. The highest activity was identified in S. pallasii (with 3 mg/ml extract concentration) and the lowest in S. libanotis subsp. libanotis (with 1 mg/ml extract concentration). The aerial parts and fruits of S. libanotis subsp. intermedium (with 2 mg/ml extract concentration) had aproximately the same values. The methanol extract of S. libanotis ssp. libanotis showed high antioxidant activity in accordance with their high concentration of total phenols and flavonoids. Based on the results of this study, the extracts with the highest antioxidant activity had the highest concentration of phenols. Phenolic compounds are very important plant constituents because of their scavenging ability on free radicals due to their hydroxyl groups. Therefore, the phenolic content of plants may contribute directly to their antioxidant action.
Antimicrobial activity
Methanol extracts of three Seseli L. taxa showed antimicrobial activity against all tested microbial strains (Table 3) using the antibiotics Streptomycin, Chloramphenicol and Nystatin for comparison. Methanol extracts were dissolved in 30% aqueous ethanol. This solvent did not show any antimicrobial activity (negative control).
Tested extracts had an inhibitory effect on Gram (-) bacteria at concentrations of 0.20-25.0 mg/ml, but most of them did not show bactericidal effect at concentrations of 50.0 mg/ml. All extracts showed good inhibitory effect on Pseudomonas aeruginosa strain at concentrations of 0.20-1.56 mg/ml which may be of great More prominent antimicrobial inhibitory activity was obtained when S. libanotis extracts (especially with fruit extracts from S. libanotis subsp intermedium) were used, compared to S. pallasii extract.
In a recent study, using disk diffusion, it was shown that the n-hexane extracts some Seseli species contained no antimicrobial activity. Decreased inhibitory zones (10-12 mm) were only obtained when S. resinosum and S. hartvigii extracts were used on Staphylococcus aureus strain [20] , compared to the reference antibiotics. This strain was sensitive to the essential oil from Seseli libanotis [21] and to seeds obtained from this species which showed great activity against enteropathogens [22] . Our results confirm that Staphylococcus aureus is sensitive to Seseli libanotis (MIC/MBC=0.78-3.125/12.5-25.0 mg/ml) methanol extracts, as Bacillus cereus (MIC/MBC=0.78-3.125/25.0-50.0 mg/ml) was reported previously [6] . These preliminary results, obtained using a micro-well dilution assay, show that Seseli methanol extracts are a potential source of numerous antimicrobial compounds active against microbial strains responsibile for different gastrointestinal disorders and food spoilage.
Conclusions
All extracts evaluated from the different Seseli taxa contained protective agents against oxidative stress provoked by DPPH and hydroxyl radicals. They also exhibited good antioxidant activity when compared with the synthetic antioxidants BHA and Vitamin C. All tested extracts inhibited the growth of a number of human pathogens. These microorganisms cause food spoilage and isolates of the tested plants may be developed as natural food preservatives to prevent gastrointestinal disorders.
